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Method a nd App aratus fo r Band Edge Timing Recovery of 

Digital VSB Signals 



1. Summary of the Invention 

Sampling phase has x major impact cn the performance of a digital modem receiver 
Common digital VSB receivers uses known sync pattern to extract sampling timing 
information [1,2]. 

The suggested timing recovery approach utilizes fast "blind" algorithm, that is based on 
maximization of the energy contained in the sampled received signal. The suggested 
algorithm is more robust :o signal reflections in the channel, and has acquisition time 
faster than prior art receiver that utilize sync patterns to extract timing information. 

2. Background 

Prior art VSB receivers utilize known sync pattern to extract timing information. For 
example, the digital VSB ATSC A/55 standard defines 4 symbols sync partem every 834 
symbols. Zenith's receiver [2] uses that pattern to extract the timing phase. The inain 
disadvantages of such timing block are: 

(1) long convergence rime 

(2) converges to a poor solution in a presence of strong and close (less than pattern 
length) inter symbol interference. 

3. lite Disclosed Invention 

The disclosed invention is a method for timing recovery of digital VSB signals using 
non-linear transformation of band edge filtering, and maximization of the energy 
contained in the sampled received pulse. 
A block diagram of the algorithm is shown in Fig. 1 . 
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Figure 1 Timing Recovery Block Diagram 

The baseband VSB signal 101 is filtered by band-edge filter 102. The filter's output is fed 
to a non linear trsnsioraier 103 t which its output :s filtered by linear filter 104. 
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The output of the timing recovery block 105 is used as a riming correction signal to a 
digka! resair.pler unit or to an external clock source (VCXO). 



4/ Preferred Embodiment 

The following section dascribes We preferred embodiment of the suggested algorithm. 
A general block diagram of VSB receiver is shown in Fig.2. 
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Figure 2 General Block Diagram of a VSB Receiver 
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The antenna output signal 201 is down converted to a IF frequency by the tuner 202. The 
A/D 203 is sampling the signal for further processing. The FPLL 204 is using the pilot 
tone of a digital VSB signal to lock the carrier frequency and phase. The output from the 
FPLL 204 which is usually an I/Q signal, is fed to the timing recovery block 20$. The 
timing correction signal is used by the digital resampler unit 205a or external clock 
generator 205b. The input to the VSB detector 207 is a T-spaced or fractionally sampled 
signal which is synchronized with the symbol clock of die signal. The output of the VSB 
detector 207 is the detected data. 

The preferred embodiment of the timing recovery block 206 is described as follows: 
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Figure 3 The preferred embodiment for the suggested algorithm. 

The input signal to the riming recovery block a(k) 301 is filtered by narrow band-pass 
filter centered at the signal edge 302. The filter's output x(k) 303 is passed through a 
non-linear transformation which is simply a square function 304. The loop filter 305 can 
be described by the following equations: 

where x(k) is the filter's input 303, c and d are constants, and y<k) 306 is the filter's 
output. 
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